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It has recentl y been shown that hapten-modified cultured 
Langerhans cells are "ble to activate SInaB resting syngeneic 
L3T4+ T helper cells from nonsensitized animals. Repeated 
stimulation of these T cells with hapten-modified cultured 
Langerhans cells leads to the establishment of L3T4+ hap-
ten-specific interleukin-4-producing T-cell Jjnes. Here we 
report on further characteristics oflrimary hapten-depen-
dent activ",ion of L3T4+ T cells an ofT-ceil lines derived 
from rhem. Dendritic cell-enriched spleen cells were as able 
as Langerhans cells to activate nonsensitized T helper cells 
after hapten modification. However, M12e, a major hisco-
compatibility complex class U-positive B-ce11 line that was 
able to activate small , resting, allogeneic L3T4+ T cells was 
not able co stimulate syngeneic T helper cells after hapten 
modification. Thyl + dendritic epidermal ceJls did not signif-
icantly affect the magnitude of primary T he1percdl prolifer-
W e previou~ly reported that c.ultured epidermal Langerhans' cells (cLC), after hapten modifi-cation, ue capabl~ of stimulating the prolifcr-ar.ion of sm"ll. resting, L3T4+ T helper cells (Th) from nonsensjtized animals! I ]. Primary 
hapten-induced Tit proliferation was de pendenr on rhe presence of 
specific Th within the un primed Th population: in add ition. upon 
resrimuiation with hapten-modified spleen cells. rhe in vitro 
primed Th population responded in a h.apten-specific manner. Pri-
mary napten·dependenr Th proliferation was blocked by amibodies 
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Abbreviations: 
APC: antigen.presenring cell 
cLC: cultured epidermal langerhans' cells 
1L.-2: interleukin-2 
FITe: fluorescein isothiocyarute 
MHC: nujor histocompatibility c.omplex 
Th: T helper cells 
TNP: trinirrophcnyl 
ation induced by cultured Langerhans cells. Restimulation of 
in vitro primed T helper cells with hapten-modified cultured 
Langerhans cells revealed the presence. within the primed T 
helper cell population. of activated cells with specificiry to an 
unrelated hapten, suggesting that, in hapten-dependent T 
helper cell activation, hapten-nonspecific cells are activated 
along wi th those that are hapten specilic. Restimulation of a 
hapten-specific long-term T helper cell subline using differ-
ent antigen-presentin g cell types demonstrates that factors 
other than major histocompatibil ity complex class II density 
or ti ssue derivation of (he antigen-presenting cell playa role 
in tbe activa tion of T cells in vitro. Finally, we demonstrate 
that in vi tro generated bapten-specifieT he1per ceJllines may 
nor show strict major histocompatibility complex restriction. 
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to major histocompatibility complex (MHC) class U antigem. L3T4 
and LFA- l . In a subsequent series of experiments. we demonstrated 
that L3T4+ Tb lines generared by repea ted srimulation with hap-
ren-modifled cLC product' inrcrleukin 4 bur no detectable interleu-
kin 2 (1L-2) [2]. Furthermore., these Th lines were able to stimulate 
IgE produccion in smaJl, resting. nonprimed B cells after cognate 
inter:tction [2J. 
In rhe present repon. we compare cLC to other antigen-present-
ing cells (APC) in the primary hapten-dependent pcolifcr4tion 
assay. as weJl as in resrimuiation assays using previously activated 
T h. Furthermore. we describe rhe effect of T hy 1 + dendritic epider-
mal cells on primary Th prolifeution. W e demonstr'l[e the exis· 
tence of " nonspecific" Tn activation that accompanies primary 
specific hapten-dependen[ T h activation. We ~so show [har hap-
ten-specific Th lines generated in virro with cLC lack classical 
MHC resrriction. Finally. we present a Th subline that responds to 
cLC and dendritic cell-enriched spleen cdls but not to sp leen cells 
or M 12c ceJls. 
MATERIALS AND METHODS 
Preparation ofTb Dep leted of Autoreactivity As previously 
described II J. nylon wool nonadherenr lymph node cells treated 
wirh anti-MHC class n (M5/114.15.2); American T ype Culture 
Coll.ecion [ATCe]. Rockville, MDJ. anri-Lyt -2 (53-6.72; ATCq, 
mouse anri-rat kappa chain (MAR 18.5; A T CC) antibodies. and C' 
(Cedarlane. Hornby. Ontario) wer~ cultured a.r 6 x 1()6 cells(well 
with either 0.3 x 106 syngeneic eLC prepared :as described 1 J or 
0.5 X t ()6 miromycin-trea.ted syngeneic M 12c, a B-cdlline derived 
from rhe la-bearing M 12 B e<lI lymrhoma [3J (kindly provided by 
D r. Ronald Germain , Laboratory 0 lmmunology, NlAID, NTH. 
0022.202X/ 89/S03.50 Copyright CO 1989 by The Society for lnvcstig:nive Dennatology. Inc. 
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Bethesda, MO) in 2 ml culture medium, Culture medium consisted 
of RPM! 1640 (Biofluids , Rockville, MD or Gibco . G.-and Is land, 
NY) containing 10% feral calf serum (Biofluids). 100 U / ml peni-
cillin (Gibco), 100 pg streptomycin (Gibco), 2 p g/ml fungi.one 
(Gibco); 5 X 10-' M 2-mercaproerhanol (Sigma, St. Loui., MO), 50 
I'g/ml gontamycin (Gibco), 2 mM glutamine (Gibco). and 1 pg/ ml 
indomcrhacin (Sigma). After 4 d of culture. acrivated Th cells were 
el iminared using bromodroxiuridine, bisbenzimide, light irradia-
tion, anriIL-2 receptor antibody, and complement. as described [1 ]. 
T he remaining nonacriv3red Th were used for primary Th acriva-
rion experimencs. 
Preparation of In Vivo Primed Tb Animals were painted with 
100.ul 7% rrinit['ochlorobenzene (4 : 1. acerone:ol ive oil) on the 
abdominal skin. Five to seven days later. the animals were killed. 
Lymphocytes from inguinal, axillary, and subscapular lymph nodes 
were prepared. After nylon-wool purification . the cells were treated 
with anti-MH C class 11 (M5/114.15.2) and anti-Lyt-2 (53-6.72) 
mouse anti-rat kappa chain (MAR 18.5) monoclonal antibodies and 
C'. The resulting ceUs were referred to as in vivo primed Th. 
Preparation of D endriric Cell-enriched Spleen C ells Spleen 
ce ll s were incubated on plastic petri dishes (3 spleen/ t O-em diame-
ter plate: Costar. Cambridge, MA) in to m! culture medium. After 
90 min~ nonadherent cell s were removed. and the plate was rinsed 
two times wi th fresh culture medium. The plates concaining fresh 
culture medium were then incubated overnight at 37"C and 5% 
CO2 , The following day nonadherem cells were removed and spun 
over a 50% PercoII gradient (Phannacia. U ppsa.la, Sweden) at 2000 
g fo r 15 min at 4 "c. The interface cells were recovered and washed 
three rimes. 
Proliferatio n Assays Spleen ceJls. dendri tic cell-enriched spleen 
ce lls. mi[Qmycin~ rreated M l 2c. and cLC were either trinitro-
phenylated (T N P) or fluoreceinated by incubarion with trinitro-
benzene sul fo n.ic acid (Eastman, Rochester, NY) or with fl uorescein 
isorhiocyanate (FIT C) isomer I (Sigma) as described [1]. Spleen cel ls 
werc irradiated at 3300 rad. and cLC and dendritic cel l-enriched 
spleen cells at 1500 rad. For primary prol iferation assays, the various 
st imulator cel l populations were cul tured with t Os Th depleted of 
aumreactiviry or t Os fresbly prepared allogeneic T h in 96-well fi at-
bottom ed tissue culture plates (Costar) for 5 d. After [lH]methylth-
ymidine (l,uCi/well ; Amersham, Arl ington Heigh ts. IL) pulsing 
for the 6nal 16 h, the culmres were harvested and assessed for 
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incorporation of radioactivity into ce ll s. Results are given as means 
oftriplicate cultures ± 1 SEM , 
Preparation of cLC and Thy 1 + Dendritic Epidermal T Cells 
cLC werc prepared as described [1]. Epidermal cells prepared from 
trunk skin of C3H mice by trypsinization for 40 min ar 37"C [4] 
were spun over a Ficoll gradien t (3 parts 9% Fico1l 400 [Pharmacia] , 
2 partS Hypaque 90% [Winthrop, N ew York, NY]) . The interface 
cel ls were washed and incubated with anri-class I (36.7.5) and anti-
class II (10.2. 16; both kindly provided by Dr. D. Sachs, Immunol-
ogy Branch, N C t, N IH) monoclonal antibodies and then trea ted 
with low rox M rabbit complement (Cedarlane) J : 10 for 90 min. 
T hereafter. the cells were washed and spun over a Ficoll gradient (as 
above). The interface cells were washed and used for proliferation 
assays. T he ce ll s were 30%-60% Thy1 + as assessed by indirect im-
munofluon::scence with an FIT e -conj ugated ami-T hyl antibody 
(Becton Dicki nson. Mountain View. CA). 
Flow Cytom etric Analysis of C lass n Intensi ty M1 2c, cLe, 
and dendritic ce ll -enriched se leen cdls wert" incubated with FIT C-
conjugated MKD6 (anti-I-ACI) or 10.2.16 (anti-I-Ak) or with uncon-
j ugared anribodies and an FITC-conjugared goat F(ab)2 anti-mouse 
IgG (T ago. Burlingame. CA). The washed cel ls were then .analyzed 
in a flow cytometer (Becton Dickinson or Coul ter. Hialeah, FL). 
Dead cel ls were excluded by propidium iod ide staining. T en rhou-
sand ce ll s were scored for each sample. Results are given as number 
of events on the y axis and relative fluorescence intensity or fluores-
cence channel on the x axis. 
RESU LT S 
Comparison of cLC , M 12, and Spleen Cells Enriched fo r 
D end r itic Cells in Primary Lymphocyte Pro liferation and 
Lym phocyte R estimulation Assays Th depleted of autoreac-
tivity as describcd [tJ using M 12c ce lls were testcd in a primary 
hapren-dcpendcnr proliferarion assay using either cLC or M 12c 
cells (Fig 1). Cul tures using T NP-modified cLC stimulated vigor-
ous primary Th proli feration (Fi g ID). whereas unmodified eLC led 
to minimal T h proLife ration, No pri m.ary T il prol iferation was seen 
using T N P-modified or unmodified M I2 ce lls (Fig tAl. Borh cLC 
and M 12c stimulated freshly prepared allogeneic Th cells (Fig 1BI 
E) and were able ro restimulate an in vi rro generated TNP-speeific 
T h line (Fi~ I C. F). 
TNP-modin e-d dendri tic-cell enriched spleen cel ls were fully ca-
pab le of generating primary in vitro sensitization of T h depleted of 
autoreactivi ty (Fig 2). In addi rion , these ce lIs could induce an 311 0-
RESPONDING CELLS 
Nonsensitized Sensitized 
Figure 1. de hUI not M12e cells are able to stimulate 
sy ngeneic nonsensirized Th when bapten modifi ed. Non-
sensirizcd Balb/c Th (l OS) deplered of autoreactivity (A, D. 
eire/ts), l OS freshly prepared C3H Th (8 , E, solid triangles), 
or I ~ in vitro se nsitized Balb/ c Th (e, F, squarts) were 
cultured wi th M 12c (124, A, B, C) or Balbi ' cLC (D, E, F) 
that were unmodified (Opf'" n'rcles, optn squares) o r T NP-
modified (solidn'rcltJ, Sl.Ilid squQres). After 3 (e, F) or 5 (A. B, 
D, £) d , pro liferation was assessed by I>H]thyrnidine incor-
porarion. Opttl trjatlglts in B designate slimulatorcellsalo ne; 
solid I riang/~s in B designate stimulator ed ls plus allogeneic 
nonrnodificd Th. 
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Figure 2. eLC :md dendritic cell-
enriched spleen cells art ablt to stimulate 
syngeneic nonsensiri.z.ed Th when hapten 
modified. Nonsr'! nsicized BalbJe Th (105) 
dt:pkt~d of autoreact1viry (A , E, rollnd 
symboh). 105 freshly prepared C3 Th (B, 
F), l OS Ualb/c Th prr'!pared fr(lm sewi-
tizC"d mice (C. G), or 10· in vitro sensi-
tized Th (D. H) were culrured with den-
dritic cell-enriched spleen cdls (A-D) or 
cLC (E-H) that were unmodi6ed (opm 
symbols in A, C, D, E, G, H) or TNP mod-
ified (!ofld SJ'mbols in A , C, D, E, G, H). 
Af",3 (C, D, G, H) 01 5 (A , B, E, F) d, 
proHfer:l.tlon was assessed by (3H}thymi-
dine incorporation. 
STIMULATOR CELL NUMBER / WELL Ix 10.31 
geneic Th response in unprirned Th and could restimuiare in vivo 
and in vitro generated Th cells that are: hapten and MHC specific 
(Fig 2). Thus dendritic-cell enriched spleen cells, as well as eLC. in 
c~>nt[ast to M t 2c, could s.timulate vigorous primary Th prolifera-
non. 
Neither conditioned media derived from primary Th activation 
with TNP-modified cLC, conditioned media from spleen cells 
stimulat.e,d with concanavalin A, nor recombi.nant lL-2, were able to 
reconsr;rute Th proliferarion to T NP-modified M J 2c cells (data not 
shown). Mixing TNP-modined M 12c cells and TNP-modified 
cLC did [lot alfect the proliferative response of previously nonacti-
vated Th. thereby ruling out suppression by the hapten-modified 
M 12c cells (data nor shown). 
Because densiry of class II MHC expression may rehte to the 
antigen-presenting capacity of cells. flow cytometric studies were 
performed. Flow cytometric analysis of M 12c a'lIs and eLC re-
veaJed thar M 12c exhibited about 30% of the class II staining inten-
sity of eLC (Fig 3). Dendritic cel l-enriched spleen ceUs exhibited 
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RELATIVE FLUORESCENCE INTENSITY 
Figure 3. M 12c cells show 30% of the MHC class II sca.ining intensity of 
cLC. BALB/ c cLC (A,B) or M12c cells (C,D) were incllbated w ith FITC 
coupled 10.2.16 or MKD-6 anribodies. T he analysis was performed on a 
FACS analyzer (Becton-Dickinson). Comparison of mean fluorescent chan-
nels of cLC :and M 12c cells indicate that th~ bner cell population exhibits a 
fl uorescence intensity of 30% of the former. 
about 25% of the class II staining intensity of cLC (Fig 4). Thus, 
although the intensity of M t 2c and dc:.nd.r1tic cell-enriched spleen 
cells for class II MH C expression ate both lower than the intensity 
of cLe, there is a clear difference in their antigen-presenring ca-
pacity. 
Cbaraccerization of a T b Subline t.hat is Stimulated by Re-
stricted APe Populations To determine whether tnere was any 
specificity with regard to the type of APC used for restimulation of 
the bapten-speci.fic cdl lines which resulted from primary in vitro 
scnsitizarjon with FlTC-modmed cLe, we tested a FlTC-spccific 
tine afte.r seven cycles and after 23 cycles of stimulation with FITe-
modified cLC in 7~lO-d intervals [2]. After seven cycles of stimula-
tion, the mother line responded to all three types ofFITC-modified 
APC (Fi g SA). When a subline of these FITC-specific T cells was 
tesled after 23 cycles of stimulation, the-line proliferated in response 
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RELATIVE FLUORESCENCE INTENSITY 
Figure 4, Dendritic cell-enriched spleen cells show 25% of the MHC class 
U staining intensity of cLC. BALB/ c cLC (A , B) or BALB/ c dendritic 
cell·enriched spleen ccUs (C, D) from Boalb/ c mice welt" nrst incubated with 
10.2.16 (anti-Iak , A, C) or with MKD·6 (anti- lad, B, D) monoclonal a.nri· 
body and then with a F{abh goat anti-mous~ IgG couplt"d to FITC. Analysis 
was done on an EPICS 5 (Coulter) flow cytometer. Comparisons of mean 
fluoresce.nce channels of cLC a.nd dendritic a ll-enriched spleen cells indi-
cate that the lanc t cell population had a fluo rescenr intensity 25% of that of 
cLC. 
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Figure 5. A long-renn subline of a FITC-specilie Th line responds to dC 
but nor MI2e and spleen cdls. Cells (104) from a FITC#specinc Th line 
(after sC'ven cycles of stimulation with FITC-modificd cLC in 7- 1 Od inter-
vals) (/t) and its subli ne (23 cycles of stimulation y,-ith FITC-modi6cd cLC 
in 7-lOd intervals) (B) were restimulated with FlTC-modi6ed spleen cells 
(SC • .wlid rriangles). M 12c (M 12. solid squarts). cLC (solid cirdf!5), or unmodi-
fied cel ls (Opnl triatJ .. ~/tS, "pe" SqlltJrtS, O~II circles). Prolifen.tion was assesscd by 
I"3H Jth ymidine incorporation after 3 d of culru re. 
to FITC-modified cLC bur not to FITC-modified spleen cel ls or 
M 12c (Fig 58). Upon restimulation, the sub line responded to both 
FlTC-modined cLC and FITC-modined dendritic ceil-enriched 
spleen ce lls (data not shown). As seen in Fig 4 . dendritic ceJl-
enriched spleen cdls exhibited only aboul25% of the class II inten-
sity of those of cLC. In comparison. M 12c cdls, to wh.ich the sub-
line did not tespond , showed about 30% of the class II intensity of 
cLC. Thetefote, tissue derivation or differences in class II MH C 
intensiry cannot totally explain the dilferemial stimulation by var-
ious APC populations of the subline. 
Thyt .... Dendritic Epidermal T Cells Do Not Influence tbe 
Magnitude of Primary Tb Proliferation Stimulated by cLC 
Because the cLC preparation before complement-mediated lysis 
contained 1 %-2% Thy t + dendritic cells as assessed by indirect im-
munofluorescence microscopy, we determined whether deplerion 
or addition of Thy l+ dendritic epidermal T cells would influence 
the magnitude of primary Th prolifer.uion. We found thar cLC 
depleted ofThyl+ cells with anti-Thy1 and complement stimulated 
Th to the same extent as cLC treated with complement alone when 
modified by TNP (Fig 6). 
lrt the next two experiments, we added freshly prepared epider-
mal cells enriched for Thyl + dendritic epidermal T cells to either 
Th and synge neic TNP-modified de (T able I , experiment 1) or to 
freshly prepared T h and allogeneic cLC (Table I, experiment 2). In 
both experiments. the addition of Thy1-enriched cells to the cul-
tures did not enhance proliferation but rather inhibited to the same 
degree as did control ce ll s consisting of Thyl - and MHC class 
II-depleted epidermal cells. The proliferative response of Thyl+ 
dendritic epidermal T cells to concanavalin A, interleukin 1, and 
IL-2 suggeSts that these cells we.re functional (Table f). We there-
fore conclude that Thy l + dendritic epidermal cells do not signifi-
cantly affect the magnitude of hapten-dependent or allogeneic Th 
proliferation induced by cLC. 
Secondary Stimulation ofTb with cLC Reveals Nonspecific 
Tb Activation During Primary Tb Activation Secondary 
stimulation of T h previously activated in vitro with hapte.n-modi-
fied cLC regularly resulted in h-apte:n..-specific responses when stim-
ulated with spleen ceUs [1] . Th sensitized [0 TNP-modified cLCdid 
nor usual ly respond in secondary stimulation to FITC-modified 
cLC (Fig 7A). However, when cLC were used to restimulate Th 
primed in vitro co FITC-modified cLC cross-reactivity was ob-
served in as much as these cdls preferential.ly proliferated [0 FITC-
modified cLC bUl atso proHferated to a substantial degree to TNP-
eLC (Fig 78 ). We considered [he possibility [hat TNP-spccific Th 
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Figure 6. Depletion of Thyl+ cells from cLC-enriched epidermal cells 
do<:s nor affect primary haptt'n-dependem Th proliferation ind uced by cLe o 
Cultured. nonadherrnt, viable epidermal cells were either treatcd with a 
monoclonal Thyl .mtibod y (lgM: New England Nuclear. Boston. MA) and 
complement (solid lines) or with complement alone (dashed li"es) and were 
rhen either TNP-modificd (closed symbols) or lefT unmodified (opt" symbols) . 
These: cdls were then used for s[imulation of primary haptt"n-dependcnt T 
cd! prolifrration as described in Matuials tJ 'ld MttJlOds. 
were not activated in the first stimulation with FITC-modified cLC 
but on.ly in the restimulation assay using TNP-cLC. If carry-ove r of 
nonactivated (thus high density) T h cells specifi c for TNP was 
responsible for the " nonspecific" response of the in vitro primed Th 
population, it would be expected that the low-densiry frac tion of 
the primed Tb would nOt respond to TNP-rnodified cLC upon 
restimuJatioJl. T his possibility seemed unlikely , because low densiry 
« 65% Percoll) as well as high density (> 65% Percoll) Th. which 
resulted from the culture of nonsensirized Th with FITe-modified 
cLC, showed the sam e degree of reactivity to the unrelated TNP-
modified cLC upon restimulation (data not shown). Th lines gener-
ated by repeated sti.mulation with hapten-modified cLC usually 
responded in a hapten-specific manner [21. 
Th Lines Generated In Vitro with Syngeneic Hapten-modi-
fied cLC Respond in a Hapten-specific Manner to Allogeneic 
cLC When established Th lines (> 5 cycles of stimulation) were 
restimulated with syngeneic and allogeneic cLC. considerable pro-
liferation of these lines was seen with allogeneic cLC that were 
modi.fied with the relevant hapten (Fig 8A). Balblc lines prolifer-
ated more vigorously in response to C3H cLC bearing the relevam 
hapten than C3H lines did in response to .Balb/c cLC bearing the 
relevant hapten. Similar findings were observed using in vivo 
primed Th (Fig 88). Overall, we tested five Th lines with allogeneic 
cLC and all showed hapten.specific proliferation. When we used a 
concentration of TNP 10 times lower for hapten modification. the 
magnitude of the response to syngeneic cells was the same, whereas 
it dimin ished in response to allogeneic ce.lls (Fig 9). Hapten-specific 
Th clones with similar properties have been described [5,6J. 
DISC USSION 
Prior studies have indicated the importance of class II MHC mole-
cules in the generation of primary in vitro Th proliferation using 
cLC f1]. The comparison of cLC ;md spleen ceUs enriched for den-
dri tic cells in primary hapten-dependent Th proliferation (Fig 2) 
demonstrates thac cLC are not unique in subserving this function. 
However, tbe comparison on a per cell basis is difficult to interpret 
because pure dendritic cell popularions were not used. In addition, 
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Table I. Thyl+ Dendritic Epidennal T Cel ls Do Not Affect the Magnitude of Primary Th Prolifention Induced by cLC 
Stimulator/ responder combinarJon Cells add~d 
11HJthymidine incorpor2tioU'· 
(mean cpm + SEM) 
Expt. 1 (hapren. specific) 
10" C3H TNP-cLC + 1 O~ C3H Th None 
2 X HI' C3H Thyl' (50%) 
7 X 10' 
69.066 ± 3.074 
53.414 ± 3.074 
88.063 ± 7.812 
89.486 ± 3.202 
55.840 ± 1.504 
56.910 ± 252 
79.308 ± 2.230 
2 X 10' 
2 X 10"- C:}H T hyl- and Cbss 11 depleted 
7 X 10' 
2 X 10' 
1 0~ C3H cLC + 10~ C3H Th None 
None 2 X 10' C3H Thyl' 
None 
Expc. 2 (allogeneic) 
2 X 10' C3H Thyl' (+ Con" + IL-I + 11.-2)' 
300 ± 43 
2.586 ± 43 
18.192 ± 2.135 
2 X 10' Balb/ c cLC + lOS C3H T None 
3 X 10' C3H Thyl' (60%) 
10' 
161.383 ± 11.619 
129.198 ± 29.515 
165.537 ± 11 .610 
139.032 ± 8.871 
205.094 ± 2.023 
124,543 ± 17,120 
97.938 ± 12.782 
11 6.069 ± 10.168 
166.050 ± 22.291 
3 X 10' 
10' 
:} X 10"- C3H Thyl- and dan n-deptw::d 
10' 
2 X 10J Balb/c cLC 
10~ C3H T 
None 
2 X 10) Balb/c cLC 
3 ± to) 
10' 
NonC" 
None 
3 X 10' C3H T hy l ' 
3 X 10' OH Thyl' 
456 ± 86 
405 ± 94 
4,834 ± 1.299 
4,942 ± 139 
• Aftrr 5 d oi culture, prolifenrion .... ·u :U~$Cd by {3Hlthymidine incorporation.. 
~ C(lJl A: roncoJl2vJ.lin l\ (2pg/ ml: ulblochem. &1" Dj~, CA.): It.-I : recombinant human in[erleukJn 1 beta (10 U/ ml; Gc:ru:yffiC. BoslOn. MA); 11.-2: 50 U/ ml: Cctw-. 
Emrryvillt, CA . 
cont;lminating cells such as macrophages may suppress certain rypes 
of immune responses [7}. More surprising were the findings using 
the M 12c uIJs as APe. Although able to stimulate primary alloge-
ne.ic Th prol.ifer.aion and to restimulate a hapten-specific Th line, 
primary Th proliferation with TNP-modi6:ed M 12c was not ob-
served in numerous attempts. It might be [hat our assay was not 
sensitive enough to observe T h activation stimulated by TNP-mod-
ined M 12c. Jt is possible that the density of MHC class II molecules 
on M 12c, which was lower than that of cLC (Fig 3), was too low to 
pennit primary Th proliferation to TNP-modined M 12c but was 
high enough to trigger the Th in the other twO assays. However, 
arguing agains t thjs point arc the experiments in which splenic 
dendriti c cens, which also exhibit a lower density of class II mole-
cules than cLC, were active in both assays of primary Th prol ifera-
tion (Fig 4). The reason for the lack of hapten-dependent Th cdl 
, TNP FITe 
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Figure 7. Re5fimularion o(Th popul:arion previously activ.ated by FITC-
modined cLC reveals activ.ation ofT cells with specifi city forTNP-modi-
ned cLC. Th (10~) rreviously activated with cLC th.at were modified by 
TNP (A) or flTe (8) were ~stimulated with cLC th'lI{ were unmodified 
(o~n rircla} or modified with TNP/solid tirtles) or F1TC (solid lritlnglfi) . 
Proliferation w.as .assessed after 3 d 0 culture by pHJthymidine incorpor:a-
rion. 
proliferation with M 12c seems not to lie in their inability to stimu-
late nonsensitized Th proliferation. because allogeneic Th were 
clearly stimulated with M 12c. Furthermore, M 12c stimulated both 
high density (> 65% Percoll) and low density « 65% Percoll) allo-
geneic Th (data not shown), excluding the poss ibility that only in 
vivo pre-activated Th were- responding when stimulated with 
M1 2c. As well, M1 2c are able to present TNP, as shown by their 
restimul;aion of a TNP-specific Th line. The failure of M12c to 
stimulate primary hapten-dependent Th proliferation seems also 
not to reside in a deficie.ncy in the production of soluble accessory 
signals. because adclition of various recombinam cytokines or condi-
tioned media. did not r{'constitute the response (clara not shown). 
Another possible explanation for our findings with M 12c is that the 
T-cell stimulatory determinant generated by TNP modification is 
so low on M 12c that it can only sdmulat{' Th with a high responder 
frequency, i.e., a hapten-specific line but not a nonsensitized Th 
popularion low in responder frequency. One more possible explana-
tion for our tesults is tbat three sepiUatc activation mechanisms exist 
for the three assa}'s used. cLC and dendritic cells would then possess 
the a.bil ity to subservc antigen-presenting function in all three, 
M 12c in twO of them (primary allogeoeic Tb proliferation and 
restimulation of sensitized Th) and macrophages in only one, i.e., 
restimulating Th (data not shown) . The experimencs with the 
subline specific for FITC (Fig 5) confirm the notion that MHC class 
II density is nOt the simple decisive factor in terms ofTh activation. 
Thus, dendritic cell-enriched spleen cells bue not M 12c were able to 
restimulate the subline, although both cdl populations exhibit a 
similar class II intensity on flow cytometric analysis. Whether 
M 12c: and dendrit.ic cell-enriched splcen cells provide a different set 
of secondary signals (soluble and/ or contact mediated) for Th acti-
vation is not known. 
Although Thyl + dendritic epidermal T cells have been described 
as having a down-regulating function in vivo [8J. we did not observe 
a significant inhibition in either primary Th erolifer2tion assay. 
Thyl + dendritic epidermal T cells rrUght therefore act by ind.irect 
mechanisms in vivo to modify Th responses. 
Experiments. utilizing secondary s.timulation of Th previously 
activated in vitro with FITC-modif1ed cLC revealed that Th prolif-
erated to a lesser extent in response to cLC modified with the irrele-
654 HAUSER ET AL 
vant hapten TNP (Fig 6B). This contr2sts with restimulation exper-
iments with spleen cells tbat showed hapten specificity [1]. The 
separation of high- and low-density Tb clearly showed that activa-
tion of Th that respond upon restimulation with TNP-cLC oc-
curred during primary stimulation, although hapten-dependent 
primary Th activation is cle4.rly dependenr on the presence of the 
specific Th within the non-primed Th population [1]. Ta.ken to-
gether, these findings suggest that, during primary activation ofTh 
with cLC, specific Th are activated along with a significant number 
of Th with irrdevam specificities. Tbese Th are activated nonspe-
cifically. i.e., without occupancy or triggering by the T-cell recep-
tor. Simil:u phenomena can be detected after in vivo sensitization 
with regard to B- and T-cell responses [9-13J (Fig BB). Tbe possi-
bilities that cross-reaction at the donal level exists or that common 
new determinants on the APe 2.re induced after hapten modifica-
tion seems unlikely , because long-term Tb lines always responded 
in a hapten-specific manner provided that carry-over of hapten-
modified APe or their fragments is diminished by anti-class U and 
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Figure 8. In vitro gener-ned Tb lines and in vivo primed Th do nor show 
MHC restriction. A:cells (2 x 1()4) from Th lines with specificity for FITC 
(T51.13F, T52.IOF) 0< TNP (T56. J3T, T62.1OT) wcre culrured w;th Ill' 
syngeneic or :lllogeneic cLC dut were eithc.r unmodific.d or modihed with 
TN P (T -LC) or FITC (F-LC). B:Th (105) primed in vivo were cultured with 
10' syngeneic and allogeneic cLC. cLC of Balb/c or C3H origin were used. 
Prolifef2rion was assessed after 2 rB) or 3 rA) d of culture by I' HJthymidine 
incorpontion. 
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Figure 9 . Allogeneic cLC show a greater dose dependence on hapten than 
syngeneic cLC for stimulation of hapten-specific Th lines. Syngeneic rSDl jd 
linr) or aJlogeneic (JlUlu:J Ii"~) cLC were unmodi6ed (opm rircl~) or modi-
fied with TNP lit 0.1 (oprn trjQng/~) or 1.0 (closed trianglts) mM and u~ to 
restimulate 10" cells of a TNP-specifi c Th line generated in vitro. Prolifera-
tion was assessed after 3 d by f'HJthymidine incorporation. 
complement treatment and density gradient centrifugation of viable 
cells (2) . Nonspecific Th activation was only consistently observed 
wben using FITC-modi6ed cLC in tbe first and TNP-modiJied 
cLC in the second culture. This might be linked to the fact that 
primary Th proliferation with TNP-modified cLC was always 
stronger than using FITC-modified cleo This suggests that the 
precursor frequency of TNP-specific Th is probably greater than 
that of FITC~specific Th. The detection of nonspecific Th activa-
tion is obviously facilitated when the previously activated Th popu-
lation is restimulated with hapten-modified cLC that have a high 
Th precursor frequency. 
The response of Th lines to allogeneic cLC modified with the 
relevant hapten was a constant finding and is also observed when 
using in vivo primed Th (Fig SA, B). This occurrence has also been 
reported by other investigators using cloned Th [5.6J. These results 
might suggest that at least certain allogeneic class II molecules an 
serve as recognition elements for TNP-modified APC. This might 
indicate that the TNP carrier molecule can bind class II molecules of 
the lak and lad haplotype and can subsequently bt recognized inde-
pendently of the class II polymorphism. Alternatively, the class II 
molecule itself might be the "carrier" for haptens, as has been pro-
posed by scudiC'S based on the cross-reactivity of TNP-specific 
clones with class U allogeneic APC 114J. In this case, we would 
poscuiate that non-polymorphic regions of the class U molecule 
serve as recogrution elements. However, further studies are neces-
sary to conclusively demonstrate whether the class U molecules are 
the immunologically relevant carriers in hapten-modified self-sys-
tems. Such scudies would necessitate the use of a battery of clonal T 
cells. In addition, there is evidence for the existence ofT cells that 
can recognize hapten alone (15]. It is therefore possible that our 
culture conditions favor the detection of such Th. However, the fact 
that the Lines did not respond to hapten conjugated to soluble pro-
tein antigens (FITC-conjugated goat IgG, TNP-ovalbumin, data 
not shown) conflicts with the possibility that hapten-specific Th 
lines arc able to recognize the hapten alone. 
Taken together, these studies indicate that primary in vitro sensi-
tization is dependent on factors beyond merely hapten modification 
of class II-bearing APC. The expanded cell lines which result are 
hapten-specific and, to a lesser extent, MHC specific. Mechanisms 
VOL 93, NO.5 NOVEMBER t 989 
which enable dendritic cell populations to become pocent antigen-
presemiog cells for primary in vitro sensitization are currently 
under srudy. 
Wr IhDnk Dominique Wohlwtnd (eMV, CmevCl) Jor h~lp with ]low cytom~tri ( 
DntJlysis;jt1y Lintort,jtrt}' Feldman, and Fabienn~Jaun jn for thtirtx£tlltnl te(hnical 
assistanu,' and Sylllit Dacnamps and Undo Murrit Jor typing tlst manuscript. 
REFERENCES 
1. Hauser C, Katz 51: Activation and expansion of hapten~ and protein 
antigen~s~cific T helper cells from nonsensitized mice. Proc Nat! 
Ac.d Sci USA. 85,5625-5628. 1988 
2. Hauser C, Snapper eM. Ohara j , Paul WE, Katz SI: T helper cells 
grown wifh hapten.modified cultured Langerhans' cells produce 
interleukin 4 and stimulate IgE synthesis. Eur J Immuno119:245 -
251.1989 
3. Kim KJ. Kandlopoulous-Langevin C. M«=rwin RM. Sachs DH. 
Asofsky R: Establishment and characlerization of BALB/ c Iym. 
phoma lines with B cell properties. j ImmunoI122:549- 553, 1979 
4. Brcathnach SM, Katz SI: Keratinocytes synthesiz.e 1a antigen in 2cme 
cutlneous graft. vs.host disease. j Immunol 131 :2741-2745, 1983 
5. Cb.yber:ger C. DeKruyff RH. Aistnberg J. Cantor H: 2pten-reactive 
inducer l' cells. L Definition of two classes of hapten-specific jn~ 
ducer cells. j Exp Med 157:1906-1919, 1983 
6. DeKruyffTH, CI2yberger C, Cantor H , Dorf ME: Activation require-
menu of cloned inducer T cells. 1. Differentia.l inhibition by :lnti· 
L3T4 or anti-I-A is determined by the accessory cell population. J 
Immunol 135:2243-2248. 1985 
STIMULATION OF T HELPER CELLS IN VITRO 655 
7. Nussenzweig MC. Steinman RM. Gutchinov B, Conn ZA: Dendritic 
cells ue accessory cells for the development of anti.trinitrophenyl 
cytotoxic T lymphocytes. J Exp Med 152: I 070-1084, 1980 
8. Sulliv2n S, Bergstresser PR, Tigelaar RE, SrreiJein JW: Induction and 
tegulation of conta.ct hype.rsensitivity by rcsid~nt, bone marrow-de-
rived, dendritic epiderma.l cells: Langerhans cells and Thy.t+ epi~ 
dermal cells. j Immunol 137:2460- 2467, t 986 
9. Antoine le. AVr2meas S: Correlations berween immunoglobulin- and 
anribody.synrhesizing cells during primary and secondary immune 
responses of rats immunized with peroxidase. Immunology 
30,537-547.1976 
10. Poskin DC, Frost H , Cahill RNP, Tmb Z; The appe:tr.locc of Don· 
specific an[ibody~fonning cells in the dferent lymph draining aoti. 
gen~stimulated single lymph nodes. Immunology 33:8 1- 89, 1977 
II . MotiGka Ej: Antibody specificities gener.ned during antigen.induced 
polyclonaJ hyperimmunoglobulinemia. Cell Immunol 36:151-
160.1978 
12. Rosenberg YJ , Chiller JM: A.bility of anrigen.specU1c helper cclls to 
effect a class.restricted increase in total 19·secrering cells in spleens 
after immunization with the anrigen. J Exp Med 150:517-530, 
1979 
13. Tse HY. Schwartz RH. Paul WE: Cell-cell interactions in the T cell 
prolifentive responst . J ImmunoI125:491 - 500. 1980 
14. Shima<b S, Schwanz RH, Katz SI: Development and ch2racterization 
of trinitrophenyl-specilic L3T4+ T·cell clones. J Invest Dennatol 
87 ,24-29.1986 
15. Zoller M, Andrigheno G: Sdf versus non.self c.a.rrier in primary and 
secondary anti~ TNP B cell response. 1. Specificity ofhelp. lmmuno-
biology 176:195-216. 1988 
